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Abstract
A distance magic labeling of a graph G with magic constant k is a bijection λ from the V(G) into {1, 2, . . . , |V(G)|}, such that∑
u∈N(v)
λ(u) = k for every vertex v. Here we present a heuristic algorithm for ﬁnding distance magic graphs and utilise it to ﬁnd all
distance magic graphs with at most 9 vertices.
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1. Introduction
Here we assume that G=G(V, E) is a ﬁnite, simple, and undirected graph with v vertices and e edges.
The notion of distance magic labeling was introduced separately in the PhD thesis of Vilfred[11] in 1994 and an
article by Miller, Rodgers, and Simanjuntak[7] in 2003. A distance magic labeling, or Σ labeling, of a graph G is
a bijection f : V → {1, 2, . . . , v} with the property that there is a constant k such that at any vertex x, wt(v) =∑
y∈N(x) f (y) = k, where N(x) is the open neighborhood of x, i.e., the set of vertices adjacent to x.
Distance antimagicness of several family of graphs has been studied over the years, some of the results are the
following.
Theorem 1. [7]
(a) The path Pn is a distance magic graph if and only if n = 1 or n = 3.
(b) The cycle Cn is a distance magic graph if and only if n = 4.
(c) The complete graph Kn is a distance magic graph if and only if n = 1.
(d) The wheel Wn is a distance magic graph if and only if n = 4.
(e) A tree T is a distance magic graph if and only if T = P1 or T = P3.
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Theorem 2. [5,7,9,11] Let G be an r-regular distance magic graf of order v. Then, k = r(v+1)2 .
It was proved in[11] that every graph is a subgraph of a distance magic graph. A stronger result that every graph is an
induced subgraph of a regular distance magic graph was then proved in[1]. A yet stronger result can also be found in[10]
where it is stated that every graph H is an induced subgraph of a Eulerian distance magic graphG where the chromatic
number of H is the same as G. All these results showed that there is no forbidden subgraph characterization for
distance magic graph. Additionally, an application of the labeling in designing incomplete tournament is introduced
in[4]. For more results, please refer to a survey article in [2].
Although many signiﬁcant results in distance magic labelings have been produced by many researchers, there is
no algorithmic approach known so far. In this paper, we shall modify the labeling algorithm introduced by Bertault et
al. [3], which was constructed to search for vertex-magic and edge-magic total graphs. Their algorithm and ours shall
be presented in Section 2. In Section 3 we shall list all distance magic graphs on up to 9 vertices, all of which were
found by utilising our algorithm.
2. Algorithm
An edge magic total labeling on a graph G is a one-to-one map λ from V ∪ E onto the integers 1, 2, . . . , v + e with
the property that for any edge xy, there is a constant k with wt(xy) = λ(x) + λ(xy) + λ(y) = k. A vertex magic total
labeling on a graph G is a one-to-one map λ from V ∪ E onto the integers 1, 2, . . . , v+ e with the property that there is
a constant k such that for every vertex x, wt(x) = λ(x)+
∑
y∼x
λ(xy) = k. Bertault, Miller, Perez-Roses, Feria-Puron, and
Vaezpour [3] utilised a simulated annealing method to search for edge magic and vertex magic labelings of a particular
graph. Their algorithm is presented in the following, where V(G) = {x1, x2, . . . , xv} and the labeling matrix L(G) is a
v × v matrix whose (i, i) entry is λ(xi) and (i, j) entry is λ(xix j).
Step 1:
Initialize L(G),
Set η← 0,
Set wtmin ← max{x | x ∈ R and x < ∞};
Step 2:
Calculate the weight wtλ,
Evaluate λ by calculating the standard deviation of weight array wt,
σ(wt) =
√
1
n
n∑
i=1
(wti − μ(wt))2, where μ(wt) = 1n
n∑
i=1
wti;
Step 3:
If σ(wt) ≤ σ(wtmin), then set wtmin ← wt, set L(Gmin)← L(G), and set η← 0;
If σ(wt) > σ(wtmin), then set η← η + 1;
If η > n(n−1)2 and random(0, 1) <
1
n(n−1) ,
then set wtmin ← wt, set L(Gmin)← L(G), and set η← 0;
Step 4:
If σ(wt) = 0, then λ is a magic labeling, the process end here.
If σ(wt)  0, then L(G) = L(Gmin),
Choose a, b, c, d ∈ {1, 2, . . . , n + m} randomly,
va, vb, vc, vd ∈ V ,
λ(vavb) = λ(va) if a = b,
Swap λ(vavb) with λ(vcvd),
Go back to step 2.
We modiﬁed the afore-mentioned algorithm for ﬁnding distance magic labeling. We shall use the same parameters
p = m(m − 1)/2 and q = 2/p. Since distance magic labeling is a vertex labeling, L(G) is a v × v diagonal matrix;
therefore to preserve memory we shall use a labeling array L(G) = (λ(x1), λ(x2), . . . , λ(xv)).
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Our approach could be divided into two algorithms: Algorithm 1 which evaluates whether a labeling is distance
magic and Algorithm 2 which is a heuristic for ﬁnding distance magic labelings.
Algorithm 1 Evaluate λ
function evaldistanceMagic(L(G))
for i← 1 to n do
for j← 1 to n do
wti ← wti + λ(xi)mi, j
end for
end for
return STDDEV(wt)  Standard deviation of weight wt
end function
Algorithm 2 Search distance magic labelings
p← m(m − 1)/2
q← 2/p
for i← 1 to n do
λG(xi)← i
end for
k ← EVALDISTANCEMAGIC(L(G))
η← 0
while (k  0) do
r1 ← RANDINT(n)
r2 ← RANDINT(n)
L(β)← L(G)
λβ(xr1 )← λG(xr2 )
λβ(xr2 )← λG(xr1 )
c← EVALDISTANCEMAGIC(L(β))
if (c ≤ k) then
η← 0
L(G)← L(β)
k ← c
else
if (η > p) and (RANDOM(0, 1) ≤ q) then
η← 0
L(G)← L(β)
k ← c
else
η← η + 1
end if
end if
end while
3. All Distance Magic Graphs of Order Up To 9
By using geng, which is a part of nauty program[6], we generate all non-isomorphic graphs on at most 9 vertices.
We then utilise our algorithms to ﬁnd all distance magic labelings for each of the graphs.
The computer speciﬁcation and operating system we used are as follows.
• CentOS 6.5 64-bit Linux operating system.
• i7 series Intel processor with 8 CPUs @2GHz.
• 24GB RAM.
• 8GB swap space.
All distance magic graphs of order 7, 8, and 9 are presented in the following ﬁgures.
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Table 1. Enumeration of distance magic graphs on v vertices, 2 ≤ v ≤ 9.
v # non-isomorphic graphs maximal iteration processing time # distance magic graphs
1 1 - - 1
2 2 400 0.183 sec 1
3 4 900 0.302 sec 2
4 11 1600 0.868 sec 2
5 34 2500 2.670 sec 2
6 156 3600 18 sec 2
7 1044 4900 203 sec 4
8 12346 6400 2681 sec 6
9 275668 8100 76095 sec 6
Fig. 1. Distance magic graphs of order 7.
Fig. 2. Distance magic graphs of order 8.
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Fig. 3. Distance magic graphs of order 9.
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